All materials were purchased from Aldrich Chemicals and used as received. Polymer PTB7-Th was purchased from One-Material and used as received. The energy levels of PTB7-Th were estimated in house, in an identical fashion to tPDI-Hex, using solution cyclic voltammetry.
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weight ratios 2:3 or 3:7) were prepared in chloroform (CF), 2-methyl tetrahydrofuran (2Me-THF), o-Xylene, or 1,2,4-trimethylbenzene (TMB) without any additives. The total concentration of mixed PTB7-Th:tPDI-Hex is 10 mg ml -1 was for CF, 2Me-THF, and o-Xylene solvents and 15 mg 10 mg ml -1 for TMB. For CF, 2Me-THF, and TMB solvents, the films giving best device PCE were spincoated at room temperature at 1500 rpm in air. Active layers from o-Xylene with best device PCE were spin-coated at 600 rpm. The substrates were then kept in an N2 atmosphere glovebox overnight before evaporating MoOx and Ag. The evaporation of 10 nm of MoOx followed by 100 nm of Ag were thermally deposited under vacuum (4x10 -6 Torr). Current density-voltage (J-V) characteristics were measured using a Keithley 2420 Source Measure Unit. Solar cell performance used an Air Mass 1.5 Global (AM 1.5G) Solar Simulator (Newport, Model 92251A-1000) with an irradiation intensity of 100 mW cm -2 , which was measured by a calibrated silicon solar cell and a readout meter (Newport, Model 91150V). EQE spectra were measured by using a QEX7 Solar Cell Spectral Response/QE/IPCE Measurement System (PV Measurement, Model QEX7) with an optical lens to focus the light into an area about 0.04 cm Note: Halogenated solvents have known impacts on the ozone layer and can be difficult to dispose of, due to the formation of halo-acids upon burning.
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Figure 3SI: Synthetic route towards tPDI-Hex (compound 7). Yields are assumed from a previous report for the purpose of performing a rough 'cost analysis' for the acceptor tPDI-Hex (7). 4 Starting with 10 g of the commercially available anhydride (1) and assuming the reported yields, 6.67 g of (7) can be obtained. Full synthetic details can be found in a previous publication from our group. Figure 4SI: A) Optical absorption profiles of thin films of tPDI-Hex spin-cast from different solvents. All films were cast from 10 mg/mL solutions at 1500 rpm. The low energy shoulder that appears when cast from chloroform is highlighted using a red box. This feature is only visible in films of tPDI-Hex cast from chloroform, leading to the assertion that a different film morphology is attained when using this solvent. B) X-ray diffraction patterns of tPDI-Hex films. Films were drop-cast onto clean glass slides from different solvents as 10 mg/ml solutions and dried in air. The solvents used were: chloroform, o-Xylene, 2-Me-THF. All X-ray diffraction experiments were performed on a PROTO AXRD Benchtop Powder Diffractometer using θ-2θ scans and Cu K-α radiation. Predicted powder pattern was generated from the previously reported crystal structure of tPDI-Hex. 4 It has been previously reported in the literature that the light absorptive properties of PDI molecules may become dramatically changed upon aggregation. 5, 6 Taken together, the X-Ray data and UV-Visible absorption profiles of thin films provide qualitative evidence of a difference in morphology for films of tPDI-Hex cast from chloroform. Figure 5SI : A) J-V characteristics of OSCs with an inverted structure based on PTB7-Th:tPDI-Hex blend films obtained from 1,2,4-Trimethyl Benzene (TMB) at 3:7 donor/acceptor ratios. Active layers were applied from the TMB at a total concentration of 10 and 15 mg/ml and at spin speeds of 600 and 800 or 1000rpm, respectively. OSC parameters are shown in the Table S3 . The PTB7-Th:tPDI-Hex solar cell showed PCE of 4.6%, obtained at a concentration of 15 mg/ml, and 800 rpm. B) EQE spectrum of the best OSC with an inverted structure based on PTB7-Th:tPDI-Hex blend films obtained from chloroform TMB at 3:7 donor/acceptor ratios. Figure 6SI : Optical absorption spectra of the PTB7-Th donor, the tPDI-Hex acceptor and the PTB7-Th:tPDI-Hex active layer obtained from TMB at 3:7 donor/acceptor ratios (15mg/ml, 800rpm, device PCE = 4.6%) Figure 7SI: A) The photoluminescence spectra of tPDI-Hex, PTB7-Th and BHJ films with 3:7 ratios (15mg/ml, 800rpm, device PCE = 4.6%) obtained from TMB at excitation wavelength 630 nm.
B)
The photoluminescence spectra of tPDI-Hex, PTB7-Th and BHJ films with 3:7 ratios obtained from TMB at excitation wavelength 530 nm.
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Figure 8SI: The non-contact AFM surface scan (size: 10x10 μm) of the PTB7-Th:tPDI-Hex film with 3:7 ratio obtained from the TMB (15mg/ml, 800rpm, device PCE = 4.6%) (RMS = 1.44 nm). 
